ABSTRACT The bamboo bug Notobitus meleagris F. shows two types of mating aggregation: harem including a male and one or more females, and multi-male including some males and females. Both types of mating aggregations were formed only on young bamboo shoots. The mean body size of males was signiÞcantly smaller in multi-male aggregations than in harem aggregations, but female size was independent of aggregation type. There was a signiÞcant positive correlation between the body size of males and the number of females in harem aggregations that formed in association with male-male aggressive contests. More females were attracted to thicker than thinner bamboo shoots, where larger aggregations formed. Multi-male aggregations were observed more on thicker than thinner shoots. Multi-male mating aggregations may occur when females cannot be economically defended.
SINCE EMLEN AND
introduced ecological explanations for the evolution of mating systems, many studies have attempted classiÞcation of mating systems in animals (e.g., Thornhill and Alcock 1983 , Clutton-Brock 1989 , Davies 1991 , Choe and Crespi 1997 . Mating systems vary with economic defendability of males for female distributions within a species, and there are a number of studies on intraspeciÞc variation in mating systems (Thornhill and Alcock 1983 , Davies 1991 , Anderson 1994 , Choe and Crespi 1997 .
In polygynous mating systems, males do not provide parental care and may compete for females directly or for resource-rich sites where females aggregate (Davies 1991) . Harem polygyny has been reported in several coreid species (Fujisaki 1980 (Fujisaki , 1981 Mitchell 1980; Miyatake 1995; Eberhard 1998) . In these species, males Þght each other for females or for resources required by females. Enlarged hind legs are used as weapons, and the larger male usually wins contests and keeps the contested territorial mating aggregation (Fujisaki 1980 (Fujisaki , 1981 Mitchell 1980; Miyatake 1993 Miyatake , 1997 .
The bamboo bug Notobitus meleagris F. is a polygynous species that forms territorial mating aggregations on shoots of bamboo (Miyatake 1995) . Males of N. meleagris maintains harem on shoots of bamboo (Miyatake 1995) . Males with harems patrolle around the aggregation and display aggressively toward intruding males, i.e., territorial behavior. Often malemale combat results with use of their enlarged hind legs (Miyatake 1995) . As a result of combat, larger males control aggregations with more females. Almost all matings are observed on young bamboo shoots (Miyatake 1994) . The mating system in N. meleagris is similar to that of other polygynous coreid bugs (Mitchell 1980 , Fujisaki 1981 , Eberhard 1998 .
As the bamboo tree grows, the growing point of bamboo shoot (young shoots), which is constituted from two or three stem internodes, becomes daily taller. Husks that had covered the former shoot peel off, and the bamboo tree hardens. Mating aggregations are observed only on young bamboo shoots on which the bugs feed (Miyatake 1994 (Miyatake , 1995 , and thus they daily move to the upper internodes. Aggregations occur either as harems, that include a male and one or more females, or multi-male aggregations that include several members of each sex (Miyatake 1995) . The reason for the occurrence of multi-male aggregations in N. meleagris is unclear. Multi-male polygyny is known in some mammals and birds (Clutton-Brock 1989) . In insects, however, few examples for the multimale mating aggregation in polygynous species have been reported (Mitchell 1980 , Fujisaki 1981 .
This study examines the differences in the size of bugs and in diameter of shoots with harem versus multi-male mating aggregations to evaluate the hypothesis that multi-male aggregations begin as harems that cannot be defended against smaller males.
Materials and Methods
Eighty adult aggregations were surveyed on nine shoots (3.0 Ð15.5 cm) of the bamboo, Bambusa vulgaris Schrad, from 3 to 30 September 1986 at Ginowan City, Okinawa. These included 25 harems, 50 multi-male, and Þve male-only aggregations. Usually, one aggregation was formed on an internode of shoot, and the types of aggregations were identiÞed only by the sexual composition. Bugs were given individually recognizable marks on the pronotum with color paints while they rested on bamboo shoots. The individual, number, and sex of bamboo bugs in aggregations were checked every day over 14 d.
A second series of surveys on 55 shoots (0.5Ð 6.5 cm) was conducted for 66 aggregations on a different species of bamboo, B. oldhamii Munro, from 15 to 19 May, from 4 to 14 July, and from 14 to 16 August 1989 at Kadena Town, Okinawa. The number and sex of individual bugs were noted. To examine relationships among the male size in an aggregation, the number of females in the aggregation, and the characters of aggregation, the body length of bugs captured and the diameter and height of shoots on which aggregations were formed were measured. Two or more males were collected from a multi-male aggregation, and were divided into two groups based only on the sizeÑthe largest and the othersÑto test the hypothesis that multi-male aggregations begin as harems that cannot be defended from the association of smaller males.
T-tests were used to compare membership in an aggregation between males and females, the body length of adults between harem and multi-male aggregations, and the diameter and height of shoots with aggregations between harem and multi-male types. To analyze the relationships between the number of females, and the body length of adults in aggregations or the diameter of shoots, SpearmanÕs rank correlation tests and Kruskal-Wallis tests were used. All statistical analyses were conducted by StatView 5.0J (SAS Institute 1998).
Results
Mating aggregations were found only on the young shoots of bamboo (Fig. 1A) . Sometimes male-male combat, in which two males were positioned tail to tail with spread hind legs, was observed (Fig. 1B) . If the intruder did not retreat after this behavior, the males escalated the battle, and tactile fencing matches ensued in which each bug attempted to grasp quickly its hind legs around the abdomen of the opponent. Figure 2 illustrates day-to-day changes in the composition of aggregations on a bamboo shoot. As the bamboo tree grew, the former shoot hardened (meshed squares in Fig. 2) , and a new young shoot appeared. Because bugs can feed only on shoots, they daily move to the upper internodes. The aggregations were found on the sixthÐseventh internodes on 5 September and on the 12th internode on 17 September (Fig. 2) . During the observation period, eight males (AÐH) visited the bamboo shoot. Three males (A, B, and G) possessed a harem over two or more days. The aggregation of B male included two females, and that of male A included a maximum of four females on nine September. On 10 September, a multi-male aggregation of three males (D, E, and F) and three females was observed. G and H males existed independently on the bamboo tree on 12 and 13 September, respectively. Aggregations with only females were observed on 8 and 11 September.
Most males and females stayed in an aggregation for less than 3 d (Fig. 3) . Nineteen of 150 males and 27 of 214 females remained in an aggregation over two or more successive days. The number of bugs stayed less than 1 d might be overestimated, because unmarked adults were also counted. No difference occurred between males and females in the length of time spent in an aggregation (male: n ϭ 150, 1.23 Ϯ 0.97 (mean Ϯ SD) d, female: n ϭ 214, 1.19 Ϯ 0.57 d; t ϭ 0.491, P ϭ 0.6234).
Frequency distributions of adult body length in aggregations observed on shoots of B. oldhamii in 1989 are shown in Fig. 4 . Body lengths of males were signiÞcantly smaller in multi-male than harem aggregations (harem: n ϭ 34, 2.21 Ϯ 0.14 cm; multi-male: n ϭ 29, 2.06 Ϯ 0.18 cm; t ϭ 3.595, P ϭ 0.0006), whereas no difference occurred for females (harem: n ϭ 31, 2.11 Ϯ 0.14 cm; multi-male: n ϭ 30, 2.11 Ϯ 0.14; t ϭ 0.059, P ϭ 0.9534). Two or more males were collected from a multi-male aggregation, and were divided into two groups based on the sizeÑthe largest and the others. The means and standard deviations were 2.169 Ϯ 0.196 (n ϭ 8) for the former group and 2.031 Ϯ 0.159 (n ϭ 10) for the latter group. The body lengths of males in harems were signiÞcantly larger than the smaller males in multi-male aggregations (t ϭ 3.527, P ϭ Relationships between the number of females and the body length of adults in an aggregation are shown in Fig. 5 . Kruskal-Wallis tests showed a signiÞcant difference in male body size among harems with different number of females (H ϭ 8.986, df ϭ 3, P ϭ 0.0293). However, no signiÞcant differences in male body size was detected among multi-male aggregations having different numbers of females (H ϭ 6.465, df ϭ 5, P ϭ 0.2635). Female body sizes did not vary signiÞcantly with female abundance for harems (H ϭ 5.044, df ϭ 3, P ϭ 0.1686) or multi-male aggregations (H ϭ 1.262, df ϭ 4, P ϭ 0.8678); where a particular female abundance was represented by a single group, data were pooled with the next largest abundance category. There was also a signiÞcant rank correlation between male size and the number of females in harem aggregations (r s ϭ 0.527, P ϭ 0.0018). No relationship were found between the size and the number of males in multi-male aggregations (r s ϭ 0.367, P ϭ 0.0518), between the size and the number of females in harems (r s ϭ 0.169, P ϭ 0.3387), and between the size and the number of females in multimale aggregations (r s ϭ 0.116, P ϭ 0.5321).
Shoot diameter was signiÞcantly larger where multi-male aggregations occurred than where harems occurred (harem: 2.994 Ϯ 1.386 cm, n ϭ 33; multimale: 3.800 Ϯ 1.288 cm, n ϭ 22; t ϭ Ϫ2.173, P ϭ 0.0343). No difference was found in the height of the shoots on which the harem and multi-male aggregations occurred (harem: 100.536 Ϯ 43.212 cm, n ϭ 28; multimale: 91.818 Ϯ 32.313 cm, n ϭ 22; t ϭ 0.788, P ϭ 0.4345). There was a signiÞcant rank correlation between the number of females in an aggregation and the diameter of shoots (Fig. 6 ).
Discussion
Multi-male aggregations containing males and females occur frequently in N. meleagris but seldom occur in other polygynous coreids. Multi-male aggregations were 18.8% in 1986 and 40% in 1989 of all aggregations of N. meleagris (Miyatake 1995) but only Ϸ3% of those of other species (Mitchell 1980 , Fujisaki 1981 .
The economic defendability of a female group may be inßuenced by both the size of the group and the temporal distribution of receptive females (Davies 1991) . If females occur in small groups, one male can defend a female group as a harem mating aggregation. Whereas, if females occur in large groups, one male cannot defend a female group. Thus, several males associate with a female group as a multi-male mating aggregation (Clutton-Brock 1989 , Davies 1991 . In N. meleagris, multi-male aggregations form on thicker shoots. Larger numbers of females were attracted to thicker shoots. A territorial male on a thicker shoot must patrol a larger territorial range, which may make it difÞcult to keep all the females in the territory. Therefore, small-sized males excluded from harems could invade and conceal themselves in large aggregations. The absence of a signiÞcant difference in body size between the males in harems and the largest male from each multi-male aggregation supports this view. In several species, males are less successful at keeping a territory at high population density (e.g., Fujisaki 1978 , Miyatake and Haraguchi 1996 , Eberhard 1998 .
Alternative male mating strategies, such as sneaky or satellite males, are known in other insects (Eberhard 1982 , Johnson 1982 , Siva-Jothy 1987 , Convey 1989 . Although alternative mating strategies have not been reported in coreid species, there is a possibility that small males of N. meleagris within multi-male aggregations show an alternative mating strategy.
Another hypothesis for the occurrence of multimale aggregations is that they have evolved by kinselection in N. meleagris. Nymphs hatched from an egg mass form an aggregation on bamboo shoots. If males in a multi-male aggregation are siblings, multi-male mating aggregations might evolve through kin-selection. Estimating relatedness among males and dispersal of nymphs are required to examine this idea.
